Enhanced cellular cholesterol efflux by naringenin is mediated through inhibiting endoplasmic reticulum stress - ATF6 activity in macrophages.
Naringenin improves lipoprotein profile and protects against cardiovascular disease. ATF6 is an endoplasmic reticulum (ER) stress sensor with the same activation processes with sterol regulator SREBPs. Clinical data revealed that ATF6 expression was associated with plasma cholesterol level. Here, we investigated whether naringenin was involved in the regulation of cholesterol efflux and tested the role of ER stress-ATF6 in the naringenin function. Results showed that naringenin increased cholesterol efflux to both apoA-I and HDL and gene expressions in ABCA1, ABCG1 and LXRα in RAW264.7 macrophages. Naringenin inhibited the cleaved ATF6 nuclear translocation and its target GRP78 and XBP-1 expressions. Naringenin-induced cholesterol efflux was modulated by treatment with ER stress inhibitor 4-phenylbutyric acid, inducer tunicamycin and ATF6 overexpression in RAW264.7 and/or THP-1 cells, which suggested the naringenin functions were mediated through inhibiting ER stress-ATF6 pathway. Next, we found high-fat diet (HFD) supplemented with naringenin increased by >1.2-fold in cholesterol efflux capacity in primary peritoneal macrophage in apoE-/- mice compared to only HFD-fed mice. The increase was significantly reduced by tunicamycin treatment. Naringenin decreased GRP78, XBP-1 and nuclear ATF6 levels in peritoneal macrophage and aorta and reduced atherosclerotic lesion at aortic root, but reversed by tunicamycin. These confirmed participation of ER stress-ATF6 in naringenin efficacy. Finally, we found naringenin promoted AKT phosphorylation; PI3K inhibitor LY294002 treatment increased nuclear ATF6 and reduced naringenin-enhanced ABCA1 expression and cholesterol efflux. We concluded naringenin as a regulator for cholesterol efflux, and the regulation was mediated by ATF6 branch of ER stress and PI3K/AKT pathway.